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by means of Cellulofine GCL-300 sf gel filtration column 
chromatography. Subsequently, each fraction containing 
enzyme activity was subjected to SDS-PAGE. This anal¬ 
ysis showed the presence of an approximately 60 kDa 
protein exhibiting enzyme activity. This molecular mass 
was equal to that of Nacrein. 

To determine the amino terminal sequence, PVDF 
membrane transferred a 60 kDa protein was subjected to 
a sequence analyzer. The sequence of the first 11 amino 
acids agreed with that of Nacrein. Based on the results 
described above, we have concluded that the carbonic 
anhydrase of the prismatic layer is Nacrein. This result is 
unexpected. 

Recently, the cDNA of a Nacreion-like protein called 
N66 was cloned from Pinctada maxima. RT-PCR analysis 
of the N66 mRNA revealed that this gene is transcribed 
in the dorsal region of the mantle, which is responsible 
for nacreous layer formation, and in the mantle edge, 
which is responsible for prismatic layer formation (Kono 
et al., 2000). These results are in agreement with the con¬ 
clusions of the present report. 

The presence of Nacrein in both the aragonite nacreous 
and calcite prismatic layers is suggestive with regard to 
the role of the Gly-Xaa-Asn repeat. We assume that this 
repeat is not related to the regulation of a crystal poly¬ 
morphism of calcium carbonate. Recently, a nacreous lay¬ 
er-specific new matrix protein family was isolated from 
the EDTA-insoluble matrix of the nacreous layer of Pinc¬ 
tada facata , and it was shown that this protein family 
designated N16 (N16-1,2,3) induces an aragonite crystal¬ 
line layer (Samata et al., 1999). Based on its amino acid 
sequence, which is in agreement with N16-3 except that 
residue 58 is N, Pearlin also belongs to this family (Mi- 
yashita et al., 2000). 

It seems likely that Nacrein is involved in the regula¬ 
tion of crystal growth and/or morphology via an inter¬ 
action between the Gly-Xaa-Asn repeat and certain crys¬ 
tal faces or via coordination with another matrix pro- 
tein(s). Soluble protein(s) that regulate calcite crystal 
growth or shape by means of an interaction with a calcite 
crystal surface are already known in shells (Walters et al., 
1997) and sponge (Aizenberg et al., 1995). Biochemical 
characterization of these proteins, however, has not yet 
been carried out. 
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Abstract. Thin layer chromatographic analysis was used to determine lutein and p-carotene in Biomphalaria glabrata 
snails maintained on a high fat diet of hen’s egg yolk. The mean values of lutein in snails on a Romaine lettuce diet 
were approximately X3 and X2.5 at 14 and 20 days postculture, compared to those of snails maintained on the yolk 
diet. Likewise, the mean values of P-carotene for snails on the lettuce diet were approximately X1.5 and X6.6 at 14 
and 20 days, respectively, compared to those from the snails on the yolk diet. The only significant differences in values 
(Student’s t-test, P < 0.05) was at day 20 at which time the mean percent of P-carotene in the snails on the high fat 
diet was significantly reduced compared to snails on the lettuce diet. The concentration of lutein in the lettuce was about 
X3.5 that in the egg yolk. The concentration of P-carotene in the lettuce was X8 that in the egg yolk. In general, the 
concentration of these lipophilic pigments in B. glabrata reflected the content of lutein and P-carotene in the lettuce and 
egg yolk diets. 


INTRODUCTION 

Numerous studies have reported the use of a hen’s egg 
yolk diet to observe nutrition in uninfected Biomphalaria 
glabrata (Say, 1816) and snails infected with larval schis¬ 
tosomes and echinostomes (see reviews in Fried & Sher- 
ma, 1990. 1993). These studies have observed mainly the 
effects of the egg yolk diet on the lipid content of the 
snails (Fried & Sherma, 1990, 1993), although a recent 
study by Kim et al. (2001) has examined the effects of 
this diet on the carbohydrate content of the snail. Because 
effects of the diet on lipophilic pigments, i.e., lutein and 
p-carotene, are not available, this study examined these 
pigments in snails maintained on hen’s egg yolk. 

MATERIALS and METHODS 

Twenty juvenile Biomphalaria glabrata snails, about 7 
mm in shell diameter, were obtained from Dr. Fred Lewis, 
Schistosomiasis Laboratory, Biomedical Research Insti¬ 
tute (Rockville, Maryland, USA). Groups of 10 snails 
were maintained at 23-24°C in aerated glass containers 
each containing 800 mL of artificial spring water (ASW) 
prepared as described by Ulmer (1970). One culture of 
10 snails was fed ad libitum on boiled Romaine leaf let¬ 
tuce (L diet). The other culture was fed the hen’s egg 
yolk diet ad libitum , supplemented with 500 mg of Ro¬ 
maine lettuce once a week (Y-L diet), as described in 
Beers et al. (1995). Food and water were changed twice 
weekly in all cultures. 
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For TLC analysis, the whole-body of five individual 
snails (n = 5) was prepared for both Y-L and L diets at 
14 and 20 days after the cultures were started. To do this, 
the shell of each snail was gently crushed with a hammer, 
and the snail body was removed with forceps. Each 
whole-body was homogenized in 2 mL of acetone in a 
glass homogenizer. The pellet was washed twice with ac¬ 
etone (100 pL), and the washings were combined with 
the supernatant. The combined supernatant was evapo¬ 
rated to dryness under nitrogen and then reconstituted 
with 200 pL or 300 pL of heptane, as necessary for the 
scan areas of at least one sample zone to be bracketed 
within the scan areas of the standard zones in the TLC 
analysis. Single samples (n = 1) of the hen’s egg yolk 
(200 mg) and the Romaine lettuce (200 mg) were extract¬ 
ed in acetone and prepared for TLC analysis as described 
for the snail bodies. 

The standards used for TLC analysis were lutein and 
P-carotene (Sigma, St. Louis, Missouri). The solid stan¬ 
dards were weighed on an analytical balance and diluted 
with dichloromethane to prepare standard solutions of 
0.0100 pg pL -1 for both lutein and p-carotene. TLC anal¬ 
yses were performed on Merck (EM Science, Gibbstown, 
New Jersey) 10 cm X 20 cm chemically bonded C-18 
silica gel plates with concentrating zone (RP-18F 254S , Art. 
15498). Plates were prewashed by development to the top 
with dichloromethane-methanol (1:1) and dried in air in 
a fumehood. The standards (4.00, 8.00, 12.0, and 16.0 pL 
for each standard) and 1.00-8.00 pL of the reconstituted 
samples were applied in separate lanes in the concentrat¬ 
ing zone by means of a 10-pL Drummond (Broomall, 
Pennsylvania) digital microdispenser in a dark room with 
minimum lighting. The applied solutions were dried in 





